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Introduction
There are many important factors that restrict the efficiency of agricultural production in the world and in Turkey. The first step to eliminate these factors is planting and germinating the seed under suitable conditions (Yıldız et al., 2007) . Many vegetative and environmental factors such as seed coat, age, dormancy, temperature, humidity, and light play a role in providing these conditions (Hartmann et al., 1990 ; De Villiers et al., 1994; Khan and Ungar, 1997) . Plants are the most sensitive to environmental factors during germination, emergence, and early seedling periods. All of these environmental factors are called stress factors. The effects of these factors on plants often emerge either one by one or together. Because of that, they are examined as either abiotic or biotic factors based on their sources (Anonymous, 2015) . One of the abiotic stress factors that were discussed in this study is salinity (Yılmaz et al., 2011) . Salinity is observed in a great portion of the lands on which irrigated farming is practiced especially thanks to the development of irrigation practices. Approximately one third (950 million ha) of the agricultural lands in the world are estimated to suffer from high salinity (Hasegawa et al., 1986; Özkaldı et al., 2004; Taghipour and Salehi, 2008) . In Turkey, the salinity problem exists in about 1.5-2 million hectares of the agricultural lands. Wheat is the most grown product in the regions where irrigated agriculture has been started with the GAP project. Especially the majority of durum wheat production is met from this region. Therefore, increasing salinity and alkalinity problems in wheat agriculture must be solved. Seen particularly in the regions where wheat is cultivated, the use of poor drainage and faulty irrigation systems is the most important reason. Alkalinity and salinity problems have emerged in our soils as a result of this faulty practice. Salinity that occurs in soil affects transpiration, respiration, and water intake negatively, and also causes root and stem growth to retard. In consequence, hormonal imbalance, transpiration disorder, and inadequate water and nitrate intake occur (Leopold and Willing, 1984; Dölarslan and Gül, 2012) . Another problem is that the toxic effects that occur because of Na and Cl ions existing in saline soils cause the loss of ionic equilibrium (Siegel et al., 1980; Flowers and Yeo, 1981; İnal et al., 1995) .
For this purpose, these harmful effects on the plants should be detected by conducting research on various plants (Gupta and Srivastava, 1989; Pessarkli et al., 1991; Van Hoorn, 1991) . In determining salt resistance, the seeds of the varieties are kept in saline conditions and the effects of these conditions on germination criteria are taken into consideration (Begum et al., 1992) . In similar studies, it was stated that plants were the most sensitive during their early germination and seedling periods in terms of salt resistance (Shannon, 1984) . Also, the threshold of tolerance to salt in each plant varies by periods (Shannon, 1985) . Suitable varieties and practices that will minimize yield losses arising from salinity problem, which restricts productivity in plant cultivation, are needed (Şenay et al., 2005) . Salt resistance varies much among the plant species. The most sensitive periods in detecting the salt resistance of species are the germination and the early seedling periods (Van Hoorn et al., 2001) . Various research studies that will enable a homogeneous emergence by expediting germination under soil conditions are conducted (Duman and Eşiyok, 1998) . For this purpose, different methods such as stratification, hydropriming, acid etching, and hormopriming with growth and development regulators and hormones are applied and these methods are called priming treatments (Ercişli et al., 1999; Yıldız et al., 2017) . Among these, hormones and especially GA3 (Gibberellic acid) have been used extensively. Salinity is considered to be one of the environmental stresses that reduce the growth and efficiency of most glycophytic plants worldwide. Induces both osmotic and ionic stresses leading to deterioration of many physiological and biochemical processes including salinity, water relations, ionic homeostasis, gas exchange and mineral nutrition (Parida and Das, 2005) Gibberellins are involved in the stimulation of enzymes involved in seed germination. Gibberellic acid (GA3) is one of the hormones proposed to control primary dormancy by inducing germination. Cavusoglu et al. (2007) reported that GA3 was the most effective salt stress reducing agent among plant growth regulators used in the research.
The aim of this study was to reduce the negative effects of salt in saline soils by treating GA3 (Gibberellic acid) on durum wheat seeds (Zheng et al., 2009; Kayış, 2014) .
Materials and methods
In order to evaluate the effect of seed priming on the germination and seedlings' growth traits of Triticum durum Desf. under different salinity stress levels, a factorial experiment was conducted in completely randomized design (CRD) with four replications, at the laboratory of Seed Science and Techonology in the Department of Field Crops, Faculty of Agriculture, Van Yuzuncu Yil University, Turkey in 2019. In the research, Güney Yıldızı variety of durum wheat (Triticum durum Desf.) was provided from GAP Agricultural Research Institute. Wheat is the most grown product in the regions where irrigated agriculture has been started with the GAP project. Especially the majority of durum wheat production is met from this region. Therefore, increasing salinity and alkalinity problems in wheat agriculture must be solved. The Güney Yıldızı durum wheat cultivar developed by the Diyarbakır Agricultural Research Institute is a high yield genotype grown in large quantities in the region. The yield of other varieties in saline soils is low compared to this variety. For this reason, Güney Yıldızı variety was preferred in the study.
Four different GA3 (0, 100, 200, and 300 ppm) and four different salt concentrations (0, 50, 100, and 200 mM NaCl) were used in the research. Wheat seeds were surfacesterilized for 5 min using 2.5% (v/v) sodium hypochlorite, were washed with pure water 7 times, and were left for drying in a sterile container (Azizi et al., 2011) . In the experiment, durum wheat seeds were kept under dark conditions at 20 ± 1 °C in three different doses of GA3 (100, 200, and 300 ppm) and distilled water (H2O) for 24 h until the humidity of the seeds became 12-13%. After the waiting period, the seeds were drained; two folds of blotting papers were placed; and the seeds were placed into 9-cmdiameter sterile petris, putting 20 seeds in each petri. Then, 5 ml from the prepared NaCl solutions at different doses (50, 100, 200, and 300 mM) and pure water were applied to meet the water demand of the seeds in the petri that was used for control. After these applications, the seeds in the petris were placed into incubators under 20 ± 1 °C temperature for germination and emergence test. The initial tests of the seeds were identified according to ISTA (1996) rules. For the tests applied during germination, the seeds were placed between the two-fold blotting papers, 4 × 20 seeds (Photo 1) were used for the tests and the tests lasted for 14 days (ISTA, 1996).
Photo 1. Seeds in petri dishes
In this study: germination power, germination ratio (%), germination index, mean germination time, sensitivity index (%), radicula length (cm), plumula length (cm), radicula fresh weight (mg), radicula dry weight (mg), plumula fresh weight (mg), and plumula dry weight (mg) were examined.
Accordingly: root and shoot dry masses were weighed germination rate, germination power, germination index, mean germination time and sensitivity index were calculated day as "germination rate" and number of germinated seeds on 14th day as "germination power".
Germination rate (GR) was calculated using Statistical analyses of the obtained data were done using COSTAT (version 6.3) software, and multiple comparison tests of the data were performed according to the Duncan test (Duzgunes et al., 1987) .
Results
According to the results obtained from the research, the effect of salt (NaCl) stress on germination characteristics of GA3 pretreated wheat (Triticum durum Desf) seed was found to be statistically significant. In addition, salt doses × GA3 interactions were found to be significant in all parameters (P < 0.01) (Tables 1 and 2).
According to the results, the highest germination power and ratio (93.89% and 39.33%, respectively) were obtained from 0 mM and NaCl application; and the lowest values (61.65% and 11.78, respectively) were obtained from the 200 mM salt (NaCl) concentration ( Table 1 ; Figs. 1 and 2) . The effects of gibberellic acid on germination power and ratio were also found to be significant; and the highest germination power and ratio were obtained from the 200 ppm GA3 application with 81.39% and 32.59%. But it is determined that not found significant differences as statistically between 200 and 300 ppm GA3 applications. The lowest values observed as (75.05% and 14.01%) from 0 ppm (control) applications. But it is in the same Duncan groups with 300 ppm GA3 dose application. The salt × GA3 interactions over the wheat seeds were also found to be significant, and the highest germination power and ratio were obtained from the 300 ppm GA3 concentration (98.00%, 58.33%) of the control application (0 mM). But, there are not different statistically among all GA3 applications for germination power whereas the lowest germination power (56.33%) was detected in the 100 ppm GA3 application of the 200 mM salt concentration. The results showed that the difference between salt, GA3, and their interaction regarding the mean germination time was significant (P < 0.01) ( Table 1 ). The lowest mean germination time (2.70 days) was obtained from the control application (0 mM) of the salt concentration and the longest time (4.78 days) was obtained from the 200 mM application (Fig. 3) . Also, the effect of gibberellic acid on the mean germination time was significant, and the shortest time was obtained from the 300 ppm application (2.66 days), and the longest time (4.51 days) was obtained from the control application at 0 ppm dose. In terms of salt × GA3 interactions, the shortest time (0.92 days) was obtained from the control application (0 ppm, 0 mM), and the longest time was obtained from the 200 mM salt concentration with the 0 ppm GA3 dose (6.33 days). When the germination index (%) values of the wheat seeds were examined, it was observed that the difference between salt, GA3, and their interactions was significant ( Table 1 ; Fig. 4 ). The highest germination index between the salt doses was obtained from the 0 mM control with 11.96%, and the lowest index value was obtained from the 200 mM concentration (4.65%). Regarding the germination index values of the gibberellic acid doses, the highest index value was obtained from the 300 ppm dose (10.41%), and the lowest value was obtained from the control. The highest value of the germination index of the wheat seeds obtained from the salt × GA3 interaction was in 0 mM and 0 ppm GA3 with 13.41%. There is not difference statistically among 100 and 200 ppm GA3 in the 0 and 50 mM of salt applications. The lowest value (3.97%) was obtained from the 200 mM salt and 300 ppm GA3 applications.
Figure 4. The impact of salt × GA3 interactions on the germination index (%)
According to the obtained results, the applications and their interactions were found to be significant regarding the sensitivity index values of the wheat seeds ( Table 1 , Fig. 5 ). It was observed that increasing salt concentrations decreased the sensitivity index values. The highest sensitivity index value was observed in the 100 nm application (0.84%). But, it is in the same Duncan group with 200 mM salt application. The lowest sensitivity index value was obtained from the control application (0.46%) it is in the same Duncan group with 50 mM salt application. The highest sensitivity index values of the wheat seeds to the gibberellic acid doses were obtained from the 200 ppm concentration (1.23%), and the lowest value was obtained from the 0 ppm concentration (0.31%). The highest sensitivity index in the salt × GA3 interaction was found to be 1.46% (100 mM salt × 300 ppm GA3), and the lowest was found to be 0.28% (0 Mm NaCl × 100 ppm GA3).
Radicula length values were found to be significant in the wheat seeds in terms of the applications and their interactions (Table 2; Fig. 6 ). The lowest radicula length was found to be 1.50 cm in the 200 mM salt concentration, and the highest radicula length (4.5 cm) was obtained from the 50 mM NaCl application In the gibberellic acid applications, the longest root was obtained from the 300 ppm dose (5.54 cm), and the lowest value (1.21 cm) was obtained from the 100 ppm dose. In the salt × GA3 interaction, the highest radicula length was 5.64 cm (0 mM × 300 ppm GA3). It is in same Duncan with 0 mM NaCl and 300 ppm GA3. The lowest radicula length was found to be 0.19 cm (50 mM ×100 ppm).
Figure 5. The impact of salt × GA3 interactions on the sensitivity index (%)

Figure 6. The impact of salt × GA3 interactions on the radicula lenght (cm)
According to the results, the effects of the applications on plumula length were found to be significant ( Table 2 ; Fig. 7) . Depending on the salt concentrations, the highest plumula length (7.29 cm) was observed in the 50 Mm NaCL dose. It is in the same with control. The shortest stem length was observed to be 2.91 cm (T200). Despite this suppressive characteristic of salt, it was observed that the gibberellic acid doses increased the plumula length. The highest stem length (6.20 cm) was obtained from the GA100 dose, and the lowest was 4.86 cm (GA0). In the salt × GA3 interaction, the highest plumula length (11.50 cm) was obtained from the T50 × GA100 application, and the lowest value was observed to be 1.50 cm (T100 × GA300). Oral et al.: The impact of salt (NaCl) stress on germination characteristics of gibberellic acid pretreated wheat ( The results obtained from the applications on radicula fresh and dry weights were found to be statistically significant ( Table 2 ; Figs. 8 and 9) . The highest radicula fresh and dry weights were observed in the 0 mM (NaCl) application with 36.3 and 3.44 mg, respectively. The lowest values (10.9, 1.40 mg) were obtained from the 200 mM salt (NaCl) concentration. The effects of Gibberellic acid on the radicula fresh and dry weights were significant, and the highest radicula fresh and dry weights were obtained from the 300 ppm application (25.1 and 2.46 mg). The lowest values (21.9 and 2.31) were detected in the 0 ppm dose. The salt × GA3 interactions on the wheat seeds were found to be statistically significant. The highest radicula fresh and dry weights were obtained from the T0 (0 mM) and 300 ppm GA3 concentration (42.5 and 4.13 mg) , and the lowest radicula fresh weights (9.8 mg) was obtained from 200 mM NaCl and 0 ppm GA3 doses. The lowest radicula dry weights (0.98 mg) were detected in the 300 ppm GA3 application of the 200 mM salt concentration. The difference between the plumula fresh and dry weights in the applications was found to be statistically significant according to the results ( Table 2 ; Figs. 10 and 11) . Considering the results, the results between the plumula fresh and dry weights had parallels regarding the applications. The highest plumula fresh and dry weights were Figure 11 . The impact of salt × GA3 interactions on the radicula dry weights (mg)
Discussion
The results indicated that the GA3 applications caused the germination power and the germination ratio to increase. However, in the similar studies, it was stated that the increasing salt concentrations had negative and important effects on these ratios According to the results, growth and development of the wheat seeds were prevented due to the salinity concentration, which increased gradually. Many researchers had revealed this effect before (Öztürk et al., 1994; Gulzar and Khan, 2002; Yıldız et al., 2017) .
When the GA3 pretreatments on the wheat seeds are examined, mean germination days decreased in parallel with the increasing doses, and it was observed in similar studies that this time lengthened together with the increasing doses in salt concentrations (Öztürk et al., 1994; Ghoulam and Fores, 2001; Gulzar and Khan, 2002; Çavuşoğlu et al., 2007) .
In their studies, Yuonesi and Moradi (2015) stated that the gibberellic acid applications had positive and significant effects on germination index despite the increasing salt doses.
It was observed that the gibberellic acid pretreatments were useful regarding the sensitivity index values as in the other parameters (Yuonesi and Moradi, 2015).
As significant decreases in the water intake capabilities occur in the plants that are under salt stress, root and shoot lengths decrease (Kızılgeçi and Yıldırım, 2014) . While radicula length is important from this point of view, it should be considered as a selection criterion in salt resistance improvement. According to the results, radicula length decreased depending on the increasing salt concentration (Atak et al., 2006; Saboora and Kriarostami, 2006) .
The highest stem length (6.20 cm) was obtained from the GA100 dose, and the lowest was 4.86 cm (GA0). In the salt × GA3 interaction, the highest plumula length (11.50 cm) was obtained from the T50 × GA100 application, and the lowest value was observed to be 1.50 cm (T100 × GA300). Sadat Noori and McNeilly (2011) found similar results.
It was observed that increasing salt concentrations reduced the radicula fresh and dry weights (Kızılgeçi and Yıldırım, 2014) .
According to the results obtained in our research, it was observed that the GA3 applications increased radicula fresh and dry weights relatively. In a study they conducted with local bread wheat varieties, Shahzad et al. (2012) detected that radicula fresh and dry weights decreased. It was stated that this parameter could be used in improvement works.
It was observed that increasing salt concentrations reduced the plumula fresh and dry weights (Kızılgeçi and Yıldırım, 2014) .
In similar studies, it was stated that increasing salt concentrations reduced plumula fresh and dry weights in plants (Muhammad and Hussain, 2012; Akbari et al., 2007) .
Conclusion
According to the results, germination and growth of wheat seeds were prevented depending on the gradually increasing salinity concentration. Many researchers had revealed this effect before. It prevents water intake especially in high salt concentrations, and based on this, it causes the enzymes to not to be able to activate and in consequence leads to retardation in germination and growth. In this study, this negative and important effect of salt on the germination parameters was reduced as a result of GA3 applications and successful results were obtained. When the results were evaluated in terms of all the parameters, the best results were obtained from the 300 ppm GA3 applications in 0 mM salt concentration. In conclusion, it was observed that
